INTRODUCTION
In 2017, there will be an estimated 1,688,780 new cancer cases diagnosed and 600,920 cancer deaths in the United States. 1 These statistics alone indicate that cancer information is and will remain of vital interest to the public. Many health information resources are available for patients and their caretakers to learn about their cancer diagnosis, treatment, and prognosis. Such information is presented in different formats, such as prose, multimedia, and verbal didactics, via different sources such as public Web sites, foundation and society educational materials, and information provided by their own health care providers.
Unfortunately, extensive research has shown that health information is inaccessible to most adults in the United States because materials are written at reading levels that exceed average literacy skills. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] This is despite concerted national efforts to eliminate the effects of health literacy disparities, including the call by the American Medical Association and the National Institutes of Health to have all materials written at the 6th-grade level. 13 For many patients with newly diagnosed cancer, the National Comprehensive Cancer Network (NCCN) patient guidelines are an important source of information for learning about their condition. 14 The NCCN, established in 1995, is an alliance of 27 of the world's leading cancer centers. 15, 16 The organization's clinical guidelines, which are intended for physicians, are recognized as the standard of care for clinical oncology and are described as "the most comprehensive and most frequently updated clinical practice guidelines available in any area of medicine" per the NCCN. 16 These guidelines are the recognized standard: they cover 97% of all patients with cancer; they are updated on a regular basis; and they are developed through an explicit review of evidence (eg, clinical trials and existing treatment protocol) integrated with expert medical judgment and recommendations by panels, which are made up of representatives from the 27 NCCN member institutions. 15, 16 The patient guidelines are adaptations of the clinical guidelines and are intended specifically for patients. 17 The NCCN currently offers 23 patient guidelines for a variety of cancer types, treatment symptoms, and supportive-care issues. These guidelines attain 6.2 million views annually from patients, health professionals, and caregivers, and this makes them the most popular cancer-related health education materials. 14 Despite their popularity, as far as we know, there are no published data on the literacy demand of NCCN patient guidelines using validated literacy assessment tools. The objective of this study was to assess the health literacy demand of the American Cancer Society's 10 most common malignancies in the United States for which there are NCCN patient guidelines.
MATERIALS AND METHODS
The 10 most common malignancies by annual incidence in the United States were identified using the American Cancer Society's Cancer Facts & Figures 2017.
1 Corresponding patient guidelines for each cancer were selected from the NCCN patient Web page. 17 If there was no corresponding patient guideline, we moved to the next most common malignancy. The literacy demand of these materials was assessed with 4 validated tools: 1) the Simple Measure of Gobbledygook (SMOG) for readability, 2) the Peter Mosenthal and Irwin Kirsch readability formula (PMOSE/IKIRSCH) for document complexity, 3) the Patient Education Materials Assessment Tool (PEMAT) for understandability and actionability, and 4) the Clear Communication Index from the Centers for Disease Control and Prevention (CDC) for clarity ( Table 1) .
The content of each Web site was recorded and analyzed for readability with SMOG, which is considered one of the strongest reading grade tools because it simultaneously takes into account both word and sentence length. 18 SMOG analysis was performed with Readability Studio Professional Edition software (2015 version; Oleander Software, Ltd, Vandalia, Ohio). SMOG readability formula (grade level 5 1.0430 3 ͱC 1 3.1291, C is number of complex words (3 1 syllables)) calculates the grade level of a document according to its word complexity and sentence length; level ranges from 4th grade to college. SMOG-defined hard words are those with 3 or more syllables, with numerals fully syllabized. PMOSE/IKIRSCH tool was used to assess document complexity, which included nonprose materials such as lists, charts, and graphs. 19 This assessment tool scores materials on the basis of 3 criteria: structure, density, and dependency. Structure is the overall organization of a document, with scores ranging from 1 (simplest) to 4 (most complex). Density of a document is based on both the number of labels and number of items, with highest score being 10. Dependency evaluates whether the document makes reference to information not included in the document. The overall scores are then converted to standard complexity levels ranging from "very low" to "very high" and also correspond to traditional levels of formal education by grade levels. Higher scores correspond to higher complexity and higher school-level equivalence. The PEMAT for Printable Materials was used to evaluate the understandability and actionability of the guidelines. 20 Understandability, consisting of 17 items, determines whether readers with diverse backgrounds and levels of health literacy can process and explain key messages. The main subsections for understandability are content, word choice and style, the use of numbers, organization, layout and design, and the use of visual aids. Actionability, consisting of 7 items, examines whether readers will know how to use or apply the information presented. A percentage score is calculated for each domain. The higher the score is, the more understandable or actionable the materials are deemed to be.
The CDC index was used to assess the clarity and understandability of public messages and materials. 21 The index assesses materials in these 7 areas: main message and call for action, language, information design, state of the science, behavioral recommendations, numbers, and risk. The index contains 20 items, each with a numerical score of 0 or 1. The individual scores are converted to an overall score on a scale of 100. Although 100 is an ideal score, 90 or higher is considered a pass.
Three independent raters scored the PMOSE/ IKIRSCH, PEMAT, and the CDC index. Inconsistencies were resolved through a collective consensus of raters and senior advisors.
RESULTS
The American Cancer Society's 10 most common malignancies in the United States for which there were NCCN patient guidelines included breast cancer, prostate cancer, lung cancer, colon/rectum cancer, skin cancer, kidney cancer, pancreatic cancer, ovarian cancer, and blood cell cancer (leukemia and non-Hodgkin lymphoma).
1 Under breast cancer, there were 4 separate guidelines for different cancer stages: stage 0, stages I and II, stage III, and stage IV. Similarly, 2 different types of leukemia guidelines were evaluated: acute lymphoblastic leukemia and chronic myeloid leukemia. In total, 14 patient guidelines were evaluated for their literacy demand (Table 1) .
Each guideline contained 80 to 130 pages of materials covering the basics of disease, perioperative workup, cancer staging, treatment options, treatment decision making, and a glossary of terminology. The basics of disease made up 10% to 15% of the total content, whereas the information on treatment and the glossary took up 65% to 75% and 10%, respectively.
Readability Analysis
The readability analysis demonstrated that the average reading grade level was 10.3 and that the average SMOG hard-word score was 11.7%; these are higher than the recommended 6th-grade level (Table 1, Figure 1 ). The reading grade levels for stage I and II breast cancer and melanoma were the highest at 11.3 each. The reading 
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Complexity Analysis
The average PMOSE/IKIRSCH score was 11, which corresponded to moderate complexity requiring some college-level education for interpretation. The stage 0 breast cancer guideline was the only one that had a low complexity score, which is the recommended level for written health materials. There were 4 guidelines with high complexity scores, so at least a college degree was required to fully comprehend the materials (stage I and II breast cancer, non-small cell lung cancer, prostate cancer, and colon cancer). The majority of the guidelines (9 of 14) fell into the moderate range for complexity, which necessitated some college education for interpretation. Overall, 13 of the 14 guidelines exceeded the recommended complexity level for health education materials (Table 1) .
Understandability and Actionability Analysis
The average PEMAT understandability, actionability, and overall scores were 94%, 83%, and 91%, respectively, all of which attained the benchmark for high-quality materials (Table 1) . Understandability scores determined by 3 independent graders ranged from 88% to 100%. After a collective consensus was achieved, the understandability score for each guideline was ascertained to be 94%. The area in which all guidelines were deficient was the use of visual aids. There was a complete consensus among the graders regarding the actionability score for all the guidelines (83%). The area of deficiency for the actionability score was due to the lack of visual aids for simplifying instructions for action.
Clarity Analysis
The average CDC index was 85%, which was below the recommended 90% reflecting appropriate health literacy demands. The score ranged from 84% (11 of 14 guidelines) to 89% (stage 0 breast cancer, prostate cancer, and colon cancer). There was a high level of consensus among graders for the majority of the guideline analysis ( Table  1 ). The consistent area of deficiency across all guidelines was information design. This was due to excessively long lists or bulleted items and to complex paragraphs that contained more than 1 idea each. In addition, some guidelines lacked appropriate visual cues to convey or support the main message.
DISCUSSION
The content of all guidelines was overwhelmingly comprehensive, with each guide spanning 80 to 130 pages of information containing specific emphasis on the treatment options and decision-making process (65%-75%). There were on average 6 to 10 subsections, each containing 5 to 10 subheadings, and this added up to 40 to 100 subheadings in total. To mitigate the extensive length of these guidelines, the NCCN does offer accompanying quick guide sheets, which summarize key points mentioned in the guidelines as well as hyperlinks to the corresponding sections in the full version.
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This study found an unduly high literacy demand for the NCCN patient guidelines. This is problematic because with 6.2 million views annually, these guidelines are definitely one of the most frequently used resources by patients and caretakers.
14 The literacy demand of NCCN patient guidelines was overall above the recommended level according to our multimetric assessment protocol. Specifically, rating processes indicated that the materials were too verbose and complex for typical American consumers. The high literacy demand was partially mitigated by the inclusion of a glossary of common oncologic terminology.
Most noticeably, all guidelines contained extensive lists of treatment modalities, some of which exceeded 30 items, detailing different types of hormonal treatments, chemotherapeutic agents, biologics, and radiation regimens with different dosages. For these reasons, the complexity scores of the majority of these guidelines far exceeded the recommended level.
This analysis once again highlights the importance of multimetric evaluations of materials beyond an examination of readability alone. Readability formulas offer a first look at the difficulty of materials on the basis of the use of multisyllabic words. However, they offer an inadequate assessment of overall communication effectiveness. Readability formulas quantify syllables (and sentences for the SMOG) in the absence of a working context; they do not consider audience, purpose, or the majority of communication characteristics that contribute to clarity and comprehension. Short words and sentences affect some aspects of cognitive processing, but they are not sufficient for ensuring that communication is clear or effective. Health literacy guidelines indicate that main messages and calls for action can be effectively communicated if difficult words are clearly defined and if examples, visual aids, and interactive learning experiences are used to help to explain or elaborate a difficult concept. 22 At the same time, we found that the use of visual aids in the assessed materials did not always contribute to a better learning experience or improve understanding. Interestingly, some of the pictorial components in the materials that we assessed bore little relevance to the textual contents, and they were, therefore, limitations rather than enhancements of the body of materials. This points to the importance of using appropriate image guides to avoid inadvertent distractions from the main messages.
Interestingly, there seemed to be a discrepancy between the information that patients most often seek and the focus of the guidelines. In a survey conducted by the NCCN, the majority of the readers were looking for information on disease basics (50%).
14 This differs from the focus of the guidelines, which is treatment details (60%-70%). It may be that the NCCN patient guidelines were initially adapted from the NCCN clinical guidelines, which are aimed at physicians only. As a result, information especially relevant to patient management, such as details on the diagnostic workup, treatment options, the science behind these therapeutic modalities, and a comprehensive review of all available chemotherapeutic, biologic, and radiation regimens, may not align with the needs of the patients. Matching materials to the known literacy levels and interests of their intended audience would improve patients' understanding and participation in shared decision making and ultimately achieve improved health outcomes overall.
The initial strategies aimed at improving health literacy have primarily centered around addressing the mismatch between US adults' literacy skills and the complex health information provided to them, and they have called for revisions of materials to attain the readability of a middle school education level. 13 Despite such efforts, actionable health materials remain inaccessible to the majority of US adults. In 2010, the US Department of Health and Human Services National Action Plan to Improve Health Literacy advocated the engagement of multiple parties at both macro-and microlevels to improve health literacy and achieve the objectives outlined in Healthy People 2020. 23, 24 Clinicians, always important sources of health information, have also been the focus of attention for mitigating the consequences of limited health literacy. Yet clinicians can do little to directly help improve patients' literacy skills. Clinicians have been encouraged to use research-based communication techniques such as everyday language for explanations of medical and scientific terms, teach-back methods to check the clarity of their talk, and verbal and nonverbal communication techniques to encourage question asking. Moreover, literacy experts call for a coordinated system-wide action and the development of partnerships among different stakeholders to augment the reach and influence of health literacy efforts. 25, 26 Suggested actions indicate that oversight committees and institutions involved in developing NCCN guidelines must adhere to rigorous formative research and, for example, incorporate the pilot testing of materials with members of the intended audiences when guidelines are updated annually. In addition, attention must be paid to the rapidly changing demographics of patients to eliminate cultural and linguistic barriers to quality health materials.
In conclusion, this multimetric analysis of NCCN patient guidelines for the 10 most common malignancies in the United States highlights areas for improvement to make such important resources more accessible to both patients and family members. Feedback and commitment from all stakeholders, including patients, clinicians, public health officials, and institutions, are essential for improving the quality and delivery of these guidelines.
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